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The invention relates to a synchronous linear drive with a stator designed preferably as long stator 
arranged at the roadway, with stator coils to create a travelling wave for driving of the moving part, and 
an exciter part with a direct current-powered exciter winding located preferably on the moving part. 

Synchronous linear drives have been known for quite some time (e.g. DE 22 57 773 C2). In such 
drives the stator is usually designed as a so-called long stator, while the moved part, usually a motor 
vehicle for transport of persons and/or freight, has an exciter winding into which a direct current is 
injected. The propulsion takes place by means of the travelling wave generated in the long stator. In this 
regard, the long stator is divided preferably into sections with multi-phase windings or locally sequential 
single-phase windings. The power supply to the stator sections takes place by means of rectifiers. 

The exciter winding located on the vehicle is powered with direct current. 

The configuration described above can also be reversed, so that at the moving part of the stator guide 
for provision of the travelling wave causing the propulsion and the direct current powered exciter 
winding is arranged on the roadway [sic; missing phrase in original]. But for a more simple 
understanding, we shall always assume below that the stator is designed as a fixed-position long stator, 
and the exciter part is located on the moving vehicle. 

The vehicle must be supplied with energy in order to create the exciter field. The energy supply can 
be provided via a sliding contact, but a contactless energy transfer is preferred. 

Different configurations are known for contactless electric energy transfer by means of inductive 
coupled windings. These energy transfer devices can be viewed as cut-open transformers, and one 
winding is located on the fixed-position and/or one is located on the moved part. There is necessarily an 



* [Numbers in right margin indicate pagination of the original text.] 



air gap present between the parts moving relative to each other, and this air gap quite obviously causes a 
deterioration in data values characterizing the power output, compared to a conventional transformer. 13 
The primary inductivity for an inductive coupling between the fixed-position and moving part is 
relatively small, but the leakage inductance is quite large. Therefore, a relatively large reactive energy 
factor will result. 

The expense usually required for a linear drive of the kind under discussion here for a conventional, 
inductive energy transfer between roadway and moved part is considerable. 

The invention is based on the problem of defining a synchronous linear drive of the kind described 
above in which, with comparatively little additional expense, electric energy can be transferred to the 
moved part, wherein this energy is to be provided either to create the direct current for the exciter 
winding, or for additional devices on the moved part or for both purposes. 

This problem is solved according to the invention, in a synchronous linear drive of the kind described 
above, by means such that the alternating current provided to the stator windings and used to generate 
the propulsion power has a superimposed higher-frequency alternating current and a device arranged on 
the exciter part for decoupling the energy induced by the higher- frequency alternating current in the 
exciter coil, or means such that a higher frequency alternating current is superimposed on the direct 
current provided to the exciter coil, and a device arranged on the stator for decoupling of the energy /4 
induced by the higher-frequency alternating current. 

The concept of "higher frequency" as used herein means that the frequency of this higher frequency 
alternating current is significantly greater than the frequency of the alternating current injected to 
generate the propulsion force. The "higher" frequency, for example, is 10 times greater than the 
frequency of the alternating propulsion current. 
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Synchronous linear drives with an exciter coil arranged on the moved part have the property that no 
propulsion energy supply is needed on the vehicle itself. The energy needed for propulsion of the moved 
part is provided to the stator coil. Only the energy needed for excitation has to be provided to the exciter 
winding on the moved part. According to the invention, the basic elements which are provided anyway 
on a synchronous linear motor are also used for the transfer of energy. 

As is known, in a synchronous linear motor, a multi-phase (three-phase) current or several 
single-phase, mutually phase-offset alternating currents, are needed in the stator and these currents are 
provided to the winding or windings in order to generate a travelling wave for the propulsion of the 
vehicle. According to the invention, a higher frequency alternating current is superimposed on this 
alternating current. It is made available from the devices for injection of the stator current that are 
already present anyway. 

No voltage is induced in the exciter winding by the travelling wave generated for propulsion power. 
Only the higher frequency alternating current acts like a transformer on the exciter winding. Thus energy 
can be decoupled from the exciter winding. And as stated, this energy can be used for injection of direct 
current into the exciter winding, and/or other devices on the vehicle can be powered with the energy 
decoupled from the exciter winding. 

Changes in the induction flux due to the exciter winding are produced in accordance with the higher 
frequency current fractions. 

In the case of a synchronous linear motor according to the invention, the inverter devices which are 
already present anyway for injection of the stator current, are used as means for injection of the higher 
frequency alternating current. 

If the moved part of the synchronous linear drive, hereinafter also called the "vehicle," is moved 
along the long stator, then the exciter winding of the vehicle is always located in a new position with 



respect to the stator. Thus there will be a periodic coupling between the stator winding and the exciter 
winding. But the standard synchronous-linear drives are equipped with a multiple phase stator winding 
anyway, so that the propulsion is effective and uniform in practically any particular position of the 
vehicle. Therefore, according to the invention it is also possible to obtain an uninterrupted energy 
transfer along a stator with multiple phase stator windings. 

After every movement of the vehicle by a fraction of the pole division of the stator corresponding to 
the number of phases, there will be an optimum coupling between one phase winding and the exciter 
winding. Thus at virtually any point in time the transfer of energy is possible over one of the phase 
windings. 

Usually rectifiers are provided for adjusting of the stator current; they will supply individual sections 
of the stator, depending on the position of the vehicle. According to the invention, these rectifiers are 
also used for injection of the higher frequency alternating current. As mentioned above, in the case of 
standard synchronous linear drives, several stator sections are provided so that current is injected solely 
into those stator sections in which the vehicle is positioned. Now according to the invention, the 
individual sections are preferably no longer than the exciter section of the moving part (vehicle). If the 
stator section is much longer than the exciter section, then at the specified maximum reactive energy, the 
transferred effective power will decrease. A positive energy transfer will be obtained when a single 
injection of sufficiently short stator sections is ensured, so that the length section not overlapped by the 
exciter part will have very little effect on the energy transfer. 

According to the first alternative, then, the higher frequency alternating current is overlapped on the 
alternative propulsion current. Alternatively, the higher frequency alternating current is overlapped on 
the direct current injected into the exciter winding, and then the device for decoupling the energy 
induced via the higher frequency alternating current is arranged on the stator. The exciter winding can 



be provided on the route, whereas the stator is located on the vehicle. In the latter case, the means for 
providing or decoupling of the higher frequency alternating current comprises the power converter unit 
provided for injection of the exciter current. 

It is expedient to provide iron elements in the exciter part to control the magnetic flux. In order to 
avoid losses due to eddy currents, these iron elements are designed as sheet metal elements, for example. 

Proceeding from the fact that a voltage is induced in the exciter winding due to the higher frequency 
alternating current fraction in the stator, the provided energy must be decoupled from the exciter 
winding on the vehicle. 

In this regard, in a first, passive embodiment the invention provides that a rectifier unit is provided in 
the exciter part for decoupling, and that if necessary, a servo-element is provided for injection of the 
exciter direct current. In principle, we are dealing here with a standard rectifier. The reactive energy now 
needed on the exciter side — due to leakage inductivities on the secondary side and proportional 
primary inductivity — will be made available on the side of the stator and transferred across the air gap. 

It is more efficient to generate the reactive energy needed on the exciter side on the side of the exciter 
as well. Relative to the construct of the cut-open transformer, this means that reactive power should be 
generated proportionately on the secondary side in order to minimize the total reactive power fraction. In 
an extreme case, by taking into account the elevated total reactive power, this reactive power can be 
generated exclusively on the exciter side. Thus the installation expense along the route can be reduced. 

One of these power-generating decoupling devices on the side of the exciter part contains a power 
converter unit for adjusting of the exciter direct current. In contrast to the passive rectification discussed 
above, this means an "active" rectification. The power converter unit performs both the rectification of 
the induced, higher frequency current fraction, and also the adjusting of the direct current which is 
injected into the exciter winding. 



The higher frequency alternating current needed for energy transfer is generated by clock pulses from 
the rectifier. It should be noted here that the clock pulses generated by the power converter unit are 
synchronous and in phase with the voltage induced by the stator side. 

According to the invention, the injection of the higher frequency alternating current into the stator 19 
windings takes place at a phase position reversible by 180°. In the case of a single-phase exciter winding 
powered by a rectifier, the higher frequency alternating current must act in phase on the exciter winding 
so that no opposing extinction will occur. At each reversal of pole in the exciter part, the higher 
frequency alternating current of the stator winding must be rotated in phase by 180°. But then the 
frequency and phase position of the voltages in the exciter winding are independent of the motion of the 
vehicle with respect to the stator. 

In the exciter winding the higher frequency portions of the stator winding having spatially offset and 
different phases are additive. Thus a continuous energy transfer will occur. 

Basically the effective power to be transferred can be adjusted by appropriate setting of the phase 
angle between the exciter- side clock frequency and the stator- side clock frequency. 

As explained above, the energy transfer takes place in a synchronous linear (motor) by a higher 
frequency alternating current from the stator to the exciter winding in the moved part (vehicle). In this 
case, the single windings or multi-phase windings which are present anyway on the stator side are used 
together with the inverter units belonging to individual stator sections. In addition, separate rectifiers, /10 
generators and such can also be provided which are independent of the components provided for the 
propulsion. 

Therefore, due to the invention a power transmission is possible from the stator to the exciter part or 
vice- versa, wherein preferably the components already provided for propulsion are used. 

One sample embodiment of the invention will be explained in greater detail below with reference to /ll 
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the figures. We have: 

Figure 1, A schematic illustration of the current path in the stator winding and in the exciter winding 
of a synchronous linear motor; 

Figure 2, A schematic illustration of an exciter part on the vehicle having a synchronous linear drive 
and also of a stator section located opposite the exciter part; 

Figure 3, A fundamental circuit diagram of a synchronous linear motor with a device for inductive 
injection of energy into the exciter part. 

Figure 3 schematically illustrates the arrangement of a synchronous linear drive with a long stator S 
illustrated in general as being below the dashed line and consisting of several stator sections arranged in 
sequence, each with a stator winding SA, SB and SC, which in turn are each connected to an inverter 
WA, WB and WC, respectively. The inverters are powered by a power supply EV via an intermediate 
circuit ZK. The stator windings of the individual sections are driven by a controller (not illustrated) such 
that only the stator winding is supplied with current when the exciter winding EE of the vehicle is 
located above it. In the exciter part the exciter winding EE is connected to a rectifier GE at whose output 
the energy can be decoupled. This energy is available for various auxiliary devices on the vehicle 
having the synchronous linear drive. Alternatively or additionally, the energy inductively injected into 
the exciter winding EE is available as supply energy for the exciter winding. 

A direct current is injected into the exciter winding for the excitation. The travelling wave is created 
by the single winding of the stator, thus here the stator windings SA, SB and SC. 

The inverters WA, WB and WC and also the controller (not illustrated) connected thereon cause the 
generation of a travelling wave but also case a higher frequency alternating current to be superimposed 
on the alternating current used to generate the travelling wave and having a relatively low frequency. 
Whereas the lower frequency alternating current is used solely for provision of the energy for the 



propulsion power but does not induce any voltage in the exciter winding EE, the higher frequency 
alternating current part is used to induce a voltage in the exciter winding EE which can be viewed as a 
secondary winding of a transformer which consists of a stator winding — here, the stator winding SB — 
and the exciter winding EE and also the air gap located in between. 

Figure 1 shows the current profile in the stator winding (lower graph) and in the exciter winding 
(upper graph). We see that a higher frequency alternating current is superimposed on the lower 
frequency alternating current which is injected into the individual stator windings for propulsion. This 
higher frequency alternating current supplies the inductive coupling of energy into the exciter winding. 
An alternating current is induced there which is adjusted by the fundamental wave of the lower 
frequency alternating current made available to generate the travelling wave. 

Figure 2 schematically illustrates a part of the stator S and the exciter part E. The exciter part is 
moving to the left in Figure 2, in that a travelling wave is generated in the stator S and a static magnetic 
field is generated in the exciter part by means of direct current injection. 

According to the illustration in Figure 2, a pole El on the exciter part is positioned opposite to a pole 
S2 on the stator. In this area an optimum injection of the higher frequency portion occurs from the stator 
into the exciter winding. A coupling also occurs between SI and E2, but it is weaker and only increases 
with increasing proximity between S 1 and E2. Due to position-dependent phase shifting of the higher 
frequency alternating current used for energy transfer, the result attained is that an in-phase alternating 
current is always induced in the exciter winding and thus the fractions from the individual area are 
additive. 

The elements illustrated in Figure 2 are present anyway in a standard synchronous linear motor. 
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In a modified embodiment of the invention, in addition to the elements already present anyway in a 
synchronous linear motor, additional windings can be provided, in particular windings on the exciter 
part. 

The rectifier GE illustrated schematically in Figure 3 is used as a so-called active rectifier. In addition 
to the function of rectifying the higher frequency alternating current induced in the exciter winding, the 
rectifier has the additional function of adjusting the direct current to be provided to the exciter winding. 
Due to corresponding adjusting of the energy flux, a reversed energy transfer can also be attained, that 
is, the transfer of energy from exciter part E into the stator S. 

In an additional embodiment of the invention, the conditions explained above and sketched in 
Figure 3 are reversed: The "stator" is located on the vehicle, whereas the exciter windings are located on 
the route. Then the travelling wave is generated on the vehicle. 
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Claims 

1 . Synchronous linear drive with a stator designed preferably as long stator arranged at the roadway, 
with stator coils to create a travelling wave for driving of the moving part, and an exciter part with direct 
current-powered exciter winding located preferably on the moving part, 

characterized by means (WA, WB, WC) such that the alternating current provided to the stator 
windings (SA, SB, SC) and used to generate the propulsion power has a superimposed higher-frequency 
alternating current and a device (GE, T) arranged on the exciter part for decoupling the energy induced 
by the higher- frequency alternating current in the exciter coil, or means such that a higher frequency 
alternating current is superimposed on the direct current injected into the exciter coil, and a device 
arranged on the stator for decoupling of the energy induced by the higher-frequency alternating current. 

2. Synchronous linear drive according to Claim 1, in which the means for providing or for decoupling 
of the higher frequency alternating current comprise the alternating current unit (WA, WB, WC) used 
for supplying stator current. 

3. Synchronous linear drive according to Claim 1, in which the means for injection or for decoupling 
of the higher frequency alternating current comprise the pulse power converter unit used for providing 
of the exciter current. 

4. Synchronous linear drive according to Claims 1, 2 or 3, in which current is injected into the 
stator at sections where the exciter winding (EE) is located, wherein the individual sections (SA, SB, 
SC) are preferably sufficiently short so that the length section not overlapped by the exciter part has very 
little effect on the energy transfer. 

5. Synchronous linear drive according to one of Claims 1-4, characterized in that the energy induced 
in the exciter winding (EE) by the higher frequency alternating current is used for direct current 
injection to the exciter winding (EE). 
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6. Synchronous linear drive according to one of Claims 1-5, characterized in that the energy induced 
in the exciter winding by the higher frequency alternating current is used to power auxiliary devices 
arranged on the moved part. 

7. Synchronous linear drive according to Claims 1 and 3, characterized in that the energy induced in 
the stator by the higher frequency alternating current is used to generate a travelling wave current. 

8. Synchronous linear drive according to Claims 1-7, characterized in that a rectifier unit (GE) is /17 
provided in the exciter part for decoupling, and that a servo-element is used to provide the exciter direct 
current. 

9. Synchronous linear drive according to one of Claims 1-7, characterized in that for decoupling, a 
pulse current rectifier is provided in the exciter part which rectifies the higher frequency induced power 
fraction and adjusts the direct current for the exciter winding. 

10. Synchronous linear drive according to one of Claims 1-9, characterized in that the supply of the 
higher frequency alternating current into the stator windings (SA, SB, SC) takes place at a 180° phase 
shift. 

11. Synchronous linear drive according to one of Claims 1-10, characterized in that the decoupling 
device is connected to the exciter coil. 

12. Synchronous linear drive according to one of Claims 1-10, characterized in that additional 

windings for inductive energy transfer are arranged in the exciter part. /18 

13. Synchronous linear drive according to one of Claims 1-12, characterized in that additional power 
injection and coupling devices are provided on the stator for energy transfer. 
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Key: A Exciter winding 
B Stator winding 
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